Sildenafil citrate is a potent and selective inhibitor of cGMP (type V)-specific phosphodiesterase capable of enhancing relaxation of the penile corpus cavernosum, and therefore having the potential to improve penile erectile function. 1 The activity of Sild is as an efficacious, orally active agent for the treatment of male erectile dysfunction, and is thus so currently being applied widely to clinical treatments.
solutions: 1.0 × 10 -3 mol l -1 and 1.0 × 10 -4 mol l -1 , respectively. NaAc (sodium acetate)-HCl buffers (pH 0.5 -5.5) were prepared using 1.0 mol l -1 NaAc and 1.0 mol l -1 HCl, and the pH value was adjusted with a pH meter.
All other reagents were of analytical grade and water was double distilled.
General procedure A 1.5 ml of a 1.0 × 10 -3 mol l -1 EB solution, 1.0 ml of NaAc-HCl buffer and 0.5 ml of a 66.6 μg ml -1 Sild solution were mixed into a 10 ml calibrated flask and diluted to the mark with water. After shaking the solution and waiting for 10 min, the RRS spectra were recorded by synchronous scanning at Δλ = 0 nm and the RRS intensities as I for the ion-association complex and as I0 for the reagent blank were measured at the maximum wavelength, ΔI = I -I0. Figure 1 shows the RRS spectra of EB-Sild systems. It can be seen that the RRS of Sild or EB is weak under the measurement conditions. When Sild reacted with EB to form an ionassociation complex, the RRS enhanced remarkably, and a new spectrum appeared. The maximum scattering wavelength was at 365 nm and other scattering peaks were at 400, 442, 470 and 534 nm, respectively. We selected 365 nm as the determination wavelength of RRS in subsequent experiments. Figure 2 shows the effect of the pH on the RRS intensity. As can be seen from Fig. 2: (1) The RRS intensity of the reagent blank is weak in the pH range 0.5 -5.5; (2) The RRS intensity of the ion-association complex was highest and constant between pH 1.1 and pH 4.6. In addition, the experiment showed that the amount of the buffer solution had little effect on the RRS intensity. Its optimum added amounts were 0.4 -1.6 ml. In this work, the volume of the buffer solution is 1 ml. Effect of the EB concentration. The influence of the EB concentration on the RRS intensity was investigated. It showed that the optimum concentration range of EB was between 8.0 × 10 -6 and 12.0 × 10 -6 mol l -1 for the ion-association reaction. If the EB concentration was lower than this range, the RRS intensity was lower due to an incomplete reaction between EB and Sild. However, when the EB concentration was higher than this range; the intensity of RRS was also reduced. We suppose that at high concentrations a part of EB aggregates because of its self-aggregation, and the aggregate may not be favorable for the ion-association reaction.
Results and Discussion

RRS spectra
Optimum condition of the reaction Effect of solution acidity.
Stability of RRS intensity
The reaction was rapid at room temperature. The RRS intensity remained constant for at least 3 h, and the influence of the temperature between 10 and 35˚C on the RRS intensity was small.
Calibration graph
Different amounts of Sild were used to form the ion-820 ANALYTICAL SCIENCES JUNE 2006, VOL. 22 Change in IRRS, % association complexes under the optimum condition. Then, ΔI was measured at 365 nm and the calibration graph was constructed with ΔI versus the concentration of Sild. ΔI was directly proportional to the concentration of Sild in the 0 -11.5 μg ml -1 range. The linear-regression equation is ΔI = 4.43C -0.24 (C: μg ml -1 ), the correlation coefficient is 0.9983 and the detection limit for Sild (3σ) was 30.3 ng ml -1 . The results show that the method for the determining of Slid has a higher sensitivity. For example, the sensitivity of the method is over 100-times that of potentiometry, 11 several times higher than that of flow injection analysis, 6 but approximate the same as that of HPLC. 7, 8 Therefore, this method is suitable for determining trace levels of Slid.
Selectivity of the method and its analytical application Effect of coexisting substances.
Under the optimum conditions, the influence of coexisting substances on the determination of Sild was investigated; the results are given in Table 1 . It can be seen from Table 1 Determination of Sild in a Viagra tablet. Five uncovered tablets were reduced to a fine powder in a mortar; 50.0 mg of this powder was dissolved in double-distilled water. After filtration, the filtrate was transfered into a 500.0 ml calibrated flask and diluted to the mark with double-distilled water.
Then, 0.5 ml of the sample solution was pipetted into a 10 ml calibrated flask, a 1.5 ml solution of EB, 1.0 ml of NaAc-HCl buffer (pH 1.8) were added and then diluted to the mark with double-distilled water. After mixing and resting the solution for 10 min, the RRS was measured. The results are listed in Table  2 . The results of the RRS method were compared with the extractive spectrophotometric method with Bromocresol Green. 12 These methods provide comparable results (see Table 2 ).
Discussion on the mechanism of reaction Formation of ion-association complex. Under the determined conditions, the molecule of Sildenafil citrate existed as a Sild cation and citrate anion. Figure 3 shows the charge distribution of Sild molecules calculated by the AM1 method based on quantum chemistry. As can be seen from Fig. 3 , the maximum positions of negative charge in the Silde molecule were at the two oxygen atoms of thiocarbonyl and the one oxygen atom of carbonyl on a pyrimidine ring with which the negative charge are -0.900, -0.833 and -0.378, respectively. Because they were easy to associate with H + , the Sild molecule existed as a protonated organic cation (H3L 3+ ). In other words, the Sildenafil citrate molecule dissociated to the Sild cation and citrate.
Evans Blue is an acid bisazo dye with four sulfo-groups and two hydroxy groups. Because the sulfo-groups can dissociate in the solution of pH 1 -3, the sodium salt of EB existed as an anion of [H2R] 4-.
[H3Sild] 3+ can react with [H2R] 4-by virtue of electrostatic attraction and the hydrophobic force to form an ion-association complex.
The molar ratio of [H3Sild] 3+ to [H2R] 4-in the ion-association complex was 1:1 as established by Job's method. Therefore, we can conjecture that the structure of the ion-association complex is as in Fig. 4 .
It can be seen from Fig. 4 4-is suitable for it being close to [H3Sild] 3+ from the space positions of the binding groups to form an ion-association complex. On the contrary, when Trypan Red (TR) was taken for example, although its structure is similar to EB, an experiment showed that it could not react with Sild, and the RRS was also not enhanced. We considered that the position of two sulfo groups on a naphthyl group in TR does not suit the binding with Sild, because the distance between the two sulfo groups on a naphthyl group is too great. resonance enhancement scattering effect was engendered. A comparison between the RRS spectrum and absorption spectrum is shown in Fig. 5 . It can be seen from Fig. 5 that the Rayleigh scattering is located in the absorption band. In this case, scattering can resonate with the absorbed light energy, causing an absorption-rescattering process. The process can significantly enhance the scattering intensity. According to the law of resonance Rayleigh scattering, 29 
Enhancement reasons for RRS
Rv,V+H(90˚)
Here Rv,V+H is the Rayleigh ratio for a vertically polarized incident beam and the sum of the vertically and horizontally polarized scattered light at 90˚ to the plane of polarization of the incident beam, n is the refractive index of the medium, C is the molarity of the solution, λ0 is the wavelength of the incident and scattered light, NA is Avogadro's number, ∂n/∂C and ∂k/∂C are, respectively, the increments in the real and imaginary components of the refractive index of the solution due to the scattering particles, and Cv is the Cabannes factor. Rayleigh light scattering by molecules at their absorption bands is significantly stronger than that at the spectral range at which they do not absorb. This is due to both an enhancement of the real part of the refractive index, and the emergence of an imaginary component in the refractive index, as one approaches the spectral range of light absorption.
Therefore, the wavelength of scattered light located in the molecular absorption bands is the most important factor for the production of the RRS. Enlargement of scattering molecular volume. The formation of the ion-association complex enlarged the scattering molecule's volume, which also enhanced the scattering intensity. The enlargements of the molecular volume not only increase the intensity of Rayleigh scattering, but also increase the RRS.
According to the simplified Rayleigh-scattering formula,
Here, I is the resonance Rayleigh scattering intensity, I0 is the incident light intensity, c is the solution concentration, k is the proportional coefficient, and M is the molecular weight. Therefore, when k, c, I0 are constant, and I is proportional only to M. Before the reaction the molecular weight of Sild is 476.7; after the reaction the molecular weight of the ion-association complex increases to 1345.5, the binding product being 2.8-times more than before, and then the RRS intensity is significantly enhanced. 18, 28, 31 Enhancement of the molecular rigidity. Although Evans Blue has a larger size and great molecular weight, and also has a larger conjugated system and a higher molar absorptivity (its molar absorptivity is 1.01 × 10 5 l mol -1 cm -1 at 603 nm), the RRS is very weak. This may be due to its molecular rigidity and the molecular polarity being poor. The molecule can turn in a large angle and is greatly distorted, which can reduce the RRS intensity. Sild's molecular weight is smaller than EB, and it is colorless, which only has stronger absorption in the ultraviolet region; its RRS intensity is also weak. When both were associated to form a complex, they were bound by the electrostatic interaction between opposite charges of protonated carbonyl groups on the Sild molecule and the negative charge of sulfo groups on the EB molecule; the molecule free turning was restricted, which increased the molecular rigidity. As a result, the RRS intensity was enhanced. The above-mentioned phenomena were observed based on many experimental facts. 
